Abstract
as well as on microbial growth. We hypothesized that as in terrestrial plants, fitness and 111 phenotypes would be shaped by the interactive effects of biotic and abiotic environments.
112

Methods
113
To investigate the interactive effects of microbial communities and contaminants on duck-114 weed growth and phenotypes, we tested four populations of duckweed with three microbial 115 treatments in two zinc environments. We collected duckweed from ponds in the Greater
116
Toronto Area in the summer of 2017 (Table 1) . We first extracted microbes by pulver-117 izing fresh tissue from each site of 1 or 2 fronds, plating the slurry onto yeast mannitol 118 media agar plates, culturing at 29
• C for 5 days, and placing at 4
• C for storage. These 
124
Our three microbial treatments were: none, added "home" microbes, and added "away"
125
microbes from one of the other three populations. Which "away" microbes a duckweed 126 population received was selected randomly without replacement. influenced by dead cells. We measured each association by again fitting linear models with explanatory variables, and using optical density and CFUs (100,000 iterations, 10,000 burn in, thinning by 500).
Results
212
We aimed to understand GxGxE effects on duckweed traits and fitness across duckweed 213 gentoype, microbial communities and contaminant environments. Using a growth cham-214 ber experiment, we manipulated all three sources of variation, and quantified the effects 215 of distinct microbial communities and zinc levels across different duckweed populations.
216
We found first that adding microbes had a significant positive effect on average growth all other treatments combined). We also found that while our sterilization procedure for 221 duckweed fronds was imperfect, there were many fewer microbes detected in the wells 222 where microbes had not been re-inoculated onto duckweed (pMCMC < 0.001, Figure 1 ).
223
We next explored variation in duckweed fitness across experimental treatments. Our and its associated microbes. We found strong differences in phenotypes and fitness across 289 duckweed driven by duckweed origin, the origin of co-cultured microbial communities, and 290 treatment with the aquatic contaminant zinc, but no co-dependent effects.
291
Interestingly, while the effect of duckweed source population affected all phenotypes 292 and fitness measures, and microbe source affected most measures, only for pixel area, op-293 tical density, and aggregation did we observe effects of abiotic environments (Figures 2,4) .
294
The contrasts among patterns for phenotypes and fitness of duckweed is somewhat sur- removed by our surface sterilization, or from epigenetic differences across populations.
311
Such genetic, epigenetic, or endosymbiotic diversity might be generated by neutral diver- 
315
The substantial phenotypic and growth differences among microbial treatments that influence microbial community composition.
329
The microbial communities investigated here can best be described as beneficial ( 
360
We found that microbes from different natural duckweed sites alter duckweed growth rates, 361 respond positively to zinc, and generally increase duckweed fitness (Figures 1,2, and 3) .
362
Thus microbes likely indirectly influence the ongoing and potential amount of phytoreme- Optical density
Colony forming units Figure S1 : Correlation between microbial community fitness measures. Points are a subset of experimental wells for which both colony forming units and optical density were measured. The linear relationship in the background is the model predictions for the mean with 95% highest posterior density intervals.
